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PREFACE 

The  Kawartha  lakes  are  a  large  and  economically  important  system  of  eight  large  lakes 
which  are  located  in  central  Ontario.   Sturgeon  Lake  and  Rice  Lake  are  located  near 
the  upper  and  lower  ends  of  the  Kawartha  Lakes  system  respectively  and  both 
support  significant  amounts  of  urban  and  recreational  development.  They  were 
chosen  for  detailed  study  because  of  their  importance  within  the  system  and  because 
both  have  shown  the  symptoms  associated  with  excessive  nutrient  input  for  several 
years. 

The  Rice  and  Sturgeon  Lakes  Nutrient  Budget  Study  was  initiated  to  investigate 
linkages  between  point  and  non-point  sources  of  nutrients,  water  quality,  and  aquatic 
life  within  the  lakes  and  to  estimate  the  impacts  of  these  processes  on  in-lake  water 
quality. 

The  study  was  supervised  by  the  Rice  -  Sturgeon  Lakes  Nutrient  Budget  Technical 
Committee  which  had  representatives  from  the  Limnology  Section  (Water  Resources 
Branch)  and  Central  Region  of  the  Ontario  Ministry  of  the  Environment  and  Energy, 
the  Trent  Severn  Waterway  (Environment  Canada)  and  the  Kawartha  Lakes  Fisheries 
Assessment  Unit  of  the  Ontario  Ministry  of  Natural  Resources. 

This  is  one  of  a  series  of  technical  reports.  These  and  the  summary  report  (R/S  Tech. 
Rep.  No.  13)  will  provide  a  technical  basis  for  the  management  of  the  Rice  Lake  and 
Sturgeon  Lake  ecosystems  and  for  the  use  of  land  and  water  resources  in  the 
Kawartha  Lakes  region  in  general.     A  list  of  all  reports  in  the  R/S  Tech.  Rep.  series  is 
as  follows: 

1.  Hutchinson  N.J.,  B.J.  Clark,,  J.R.  Munro  and   B.P.  Neary   1993.   Hydrological  data 

for  the  watersheds  of  Rice  Lake  and  Sturgeon  Lake.  1986  -  1989,  100  pp. 

2.  Hutchinson  N.J.,  J.R.  Munro,   B.J.  Clark  and   B.P.  Neary.  1993.  Water  chemistry 

data  for  Rice  Lake,  Sturgeon  Lake  and  their  respective  catchments.  1986-1989, 
169  pp. 

3.  Hutchinson  N.J.,  B.P.  Neary,   B.J.  Clark  and  J.R.  Munro  1993.   Nutrient  Budget 

data  for  the  watersheds  of  Rice  Lake  and  Sturgeon  Lake.  120  pp. 

4.  Ryback,  M.  and  I.  Rybak.   1993.  Sediment  pigment  stratigraphy  as  evidence  of 

long  term  changes  in  primary  productivity  of  Sturgeon  and  Rice  Lakes 
(Kawartha  Lakes).  24  pp. 

5.  Nicholls,  K.H.,  M.F.P.  Michalski  and  W.  Gibson.    1993.  Trophic  interactions  in  Rice. 

Lake  I:  An  experimental  demonstration  of  effects  on  water  quality. 
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ABSTRACT 

The  abundances,  size,  food  habits  and  growth  rates  of  young-of-the-year  (YOY)  yellow 
perch  and  Daphnia.  an  important  filter  feeding  crustacean  zooplankter,  were  measured 
biweekly  in  Rice  Lake  during  the  mid-May  to  July  period  of  1988.   Bioenergetics 
modelling  of  these  data  at  water  temperatures  ranging  between  13.5  and  26.5 °C 
provided  estimates  of  the  potential  impact  of  YOY  perch  on  the  Daphnia  populations. 
YOY  perch  accounted  for  100%  of  the  daily  loss  of  Daphnia  during  late  May  through 
early  June.  As  well,  Daphnia  lipid-ovary  indices  indicated  that  food  limitation  was  not  a 
problem  in  Rice  Lake  even  though  the  lake  is  typically  dominated  by  blue-green  algae 
in  the  summer. 


SUMMARY 

A  Study  to  examine  fish  effects  on  water  quality  through 
the  interaction  between  young-of-the-year  (YOY)  yellow  perch 
and  Daphnia  was  undertaken  during  late  spring/early  summer 
of  1988  at  Rice  Lake,  Ontario.   Collections  of  fish  and 
zooplankton  were  made  biweekly  at  three  habitats  to  assess 
abundance,  growth  and  diet,  and  abundance  and  "health"  of  fish 
and  zooplankton,  respectively.   Zooplankton  "health"  Was 
measured  by  egg  counts  and  lipid-ovary  scores.   Bioenerget ics 
modelling  of  these  data  described  the  potential  impact'  of  YOY 
perch  predation  on  the  Daphnia  population  abundance. 

Sub-surface  water  temperatures  measured  between  mid-May 
and  mid-July  in  Rice  Lake  ranged  from  1 3 . 5°C-26 . 4 °C .   Water 
transparency  peaked  in  early  June  (3.5m)  and  decreased 
throughput  the  study  period  to  a  low. of  0.9m  (August  8).   Daily 
mean  Daphnia  density  ranged  from  1-124  organisms/L.   Biomass  of 
'individual  Daphnia  averaged  over  the  sampling  program  was 
68.1  ug .   No  relationship  was  found  when  Daphnia  biomass  was 
compared  to  water  transparency  or  chlorophyll  a^  concentration. 

Young-of-the-year  yellow  perch  were,  initially,  most 
abundant  at  the  macrophyte  site,  and  later,  at  the 
macrophyte-openwater  interface  sampling  station.   Peak  density, 
averaged  from  the  three  habitats  from  day  and  dusk  collections, 
was  16  fish/cubic  metre  (May  12).   Final  fish  collections 
made  on  July  12  measured  a  density  of  less  than  1  YOY 
perch/cubic  metre.   Daphnia  became  increasingly  important  to 
the  diet  of  young  perch  with  age  and  made  the  largest 
contribution  to  the  total  stomach  contents  in  late  June/early 
July. 

Young-of-the-year  yellow  perch  were  implicated  as 
important  potential  predators  based  on  calculations  of 
secondary  production,  fish  diet  and  energetics  modelling. 
During  late  May  and  early  June  YOY  perch  were  potentially 
responsible  for  over  100%  of  the  actual  daily  Daphnia  loss. 
Large  losses  of  Daphnia  which  occurred  throughout  July  and 
August,  following  cessation  of  fish  sampling,  were  not  the 
result  of  starvation  as  indicated  by  a  high  lipid-ovary  value 
at  this  time. 

The  project  represents  an  initial  attempt  to  assess  the 
importance  of  troohic  level  interactions,  leading  to  a  link 
between  fisheries  management  and  water  quality  management. 
Biomanipulation  of  the  Rice  Lake  environment  would  be  achieved 
through  the  protection  and  enhancement  of  a  top  predator  fish 
species,  like  the  walleye.   Several  recommendations  arising 
from  the  examination  of  YOY  perch  -  Daphnia  interactions  are 
presented  and  should  be  considered  prior  to  future 
biomanipulation  studies  in  Rice  Lake.   Recommendations  of  this 
study  include  confirmation  of  the  findings  with  at  least  one 
further  sampling  season,  and  the  inclusion  of  other 
zooplankt ivorous  young-of-the-year  fish  species  in 
bioenergetics  modelling  to  fully  describe  the  potential  impact 
of  the  young-of-the-year  fish  assemblage  on  Daphnia  biomass  in 
Rice  Lake. 
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INTRODUCTION 

The  control  of  trophic  conditions  through  the 
manipulation  of  one  or  more  levels  of  production  has  recently 
received  attention  as  a  tool  for  water  quality  management. 
Through  the  planned  manipulation  of  top  predator  abundance  in 
the  natural  environment,  feeding  pressure  cascades  down 
through  the  food  chain  affecting  the  abundance  of 
planktivorous  fish,  zooplankton,  and  algae.   Changes  in  water 
clarity  are  expected  as  a  result  of  changes  in  algal  biomass 
or  composition.   Laboratory  and  field  testing  of  the  various 
biomanipulat ion  hypotheses  have  yielded  encouraging  results 
(eg.  Shapiro  et  al.  1982,  Carpenter  et  al.  1985,  McQueen 
et  al.  1986).   The  link  between  fisheries  (piscivore) 
management  and  water  quality  management  provides  an 
opportunity  for  integrated  management  of  the  aquatic 
ecosystem,  thereby  optimizing  a  desirable  sports  fishery  and 
good  water  quality.   A  "healthy"  fish  community  with  a  strong 
top  predator  population  can  help  to  achieve  the  full  benefits 
of  a  programme,  to  control  excessive  nutrient  inputs. 

Rice  Lake,  Ontario,  supports  one  of  the  most  intensive 
recreational  fisheries  in  the  province,  which  in  turn 
supports  the  local  tourist  economy  almost  exclusively  (D. 
Maraldo,  OMNR,  pers .  comm.).   Populations  of  walleye,  bass 
and  muskellunge  dominate  the  sport  fishery.   The  lake  is 
highly  eutrophic  and  exhibits  a  wide  variety  of  water  quality 


conditions,  including  mid-summer  blooms  of  blue-green  algae. 

Background  studies  of  Rice  Lake  limnology  have  been 
supported  by  the  Ontario  Ministry  of  the  Environment  over  the 
past  several  years  (eg.  Mike  Michalski  Associates  et  al . 
1987).   These  studies  have  demonstrated  the  potential  of  fish 
effects  on  levels  of  primary  production  and  have  identified 
key  components  of  the  fish  and  invertebrate  communities 
critical  in  the  manipulation  of  Rice  Lake  trophic  conditions. 

The  first  phase  of  the  study  to  determine  fish  effects 
on  water  quality  was  the  assessment  of  young-of-the-year 
zooplankton  interactions.   Two  objectives  were  set  out  at  the 
initiation  of  the  study. 

The  first  objective  was  to  determine  whether 
young-of-the-year  fish  species  could  influence  zooplankton 
densities  in  Rice  Lake.   The  Ministries  of  Environment  and 
Natural  Resources  had  previously  identified  Daphnia  spp .  as 
the  most  important  crustacean  herbivore,  and 
young-of-the-year  yellow  perch  as  the  most  important 
potential  predator  of  Daphnia  spp.,  in  Rice  Lake.   Data 
resulting  from  the  assessment  of  Daphnia  and  YOY  perch 
abundance,  perch  growth  and  feeding  preference  were  used  for 
bioenergetics  modelling  to  quantify  the  potential  impact  of 
YOY  perch  on  the  Rice  Lake  food  resource  base  (Daphnia) .   An 
additional  analysis  of  secondary  production  was  undertaken  to 
determine  if  the  seasonal  decline  of  Daphnia  was  independent 


of  planktivore  predation. 

The  second  objective  of  the  study  was  the  development  of 
a  sound,  testable  hypothesis  and  experimental  design  to  link 
fisheries  management  with  water  quality  management  through 
the  experimental  manipulation  of  piscivores  in  large 
enclosures  based  on  information  arising  from  the  first 
objective. 


SECTION  I    WATER  QUALITY  MONITORING 

Methods 

A.  Temperature 

Two  continuous-recording  thermometers  (Ryan  Instruments^ 
Temp  Mentor")  were  deployed  at  a  shallow  (raacrophytes )  and 
deep  (openwater)  station  on  May  12,  1988.   The  recording 
thermometers  were  anchored  approximately  0.5m  above  the  lake 
bottom  at  depths  of  2m  (macrophytes )  and  5m  (openwater). 
Submerged  floats  were  anchored  10-20m  around  each  probe  in  a 
triangular  configuration  to  assist  in  thermometer  retrieval. 
As  well,  Loran  C  coordinates  were  noted  for  both  locations. 

Probes  were  retrieved  using  SCUBA  on  July  18  (shallow 
station)  and  July  19,  1988  (deep  station).   Mean  daily 
temperatures  were  calculated  from  the  twenty-four  hourly 
values.   Surface  water  temperatures  were  also  measured  on 
each  sample  date  using  a  standard,  hand-held  thermometer. 

B.  Water  transparency 

Water  transparency  was  measured  at  zooplankton  sampling 
locations  on  each  sample  date  using  a  standard,  20cm  Secchi 
disc. 

Results 


A.  Temperature 

Measured  water  temperatures  ranged  between  13.5°C  - 
26.4°C  and  13.8°C  -  24.8°C  for  the  shallow  and  deep  water 
locations,  respectively.   Seasonal  trends  of  shallow  and  deep 


temperatures  were  similar  (Fig.  1)  with  short-term 
fluctuations  being  more  pronounced  at  the  shallow  monitoring 
site.   Surface  water  temperatures  measured  with  a  hand-held 
thermometer  corresponded  with  submerged  temperature  readings 
(Fig.  1). 

Mid-water  column  temperatures,  used  for  energetics 
modelling,  were  calculated  from  linear  extrapolations  between 
the  shallow/deep  water  temperatures  and  surface  temperatures 
obtained  with  the  hand-held  thermometer  (Appendix  lA) . 

B.  Water  Transparency 

Water  transparency  in  Rice  Lake  increased  from  the 
initiation  of  the  sampling  program  to  a  seasonal  high  of 
3.5  m,  on  May  30  and  June  7  (Fig.  2).   Thereafter, 
transparency  decreased  gradually  throughout  the  remainder  of 
the  sampling  program  to  a  low  of  0.9  m,  measured  on  the  final 
sample  collection  date  (August  8).   Secchi  depth  data  were 
similar  to  data  collected  by  the  Ontario  Ministry  of  the 
Environment  at  a  nearby  sampling  location  (Appendix  IB). 
Phosphorus  and  chlorophyll  a_  concentrations  of  Rice  Lake  were 
also  obtained  from  the  O.M.E.  and  appear  in  Appendix  IB. 
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Figure  1.   Rice  Lake  daily  mean  temperatures  measured  by- 
submerged,  continuous-recording  thermometers  at 
inshore  (2m  =D)  and  offshore  (5m  =+)  locations, 
and  siirface  temperatures  measured  by  hand-held 
thermometer  (•),  Rice  Lake,  1988.- 
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Figure  2.   Mean  Secchi  disc  depths  measured  at 
Rice  Lake,  1988. 


SECTION  II    ZOOPLANKTON 

Methods 

A.  Field  Methods 

Three  sampling  locations,  used  for  the  collection  of 
zooplankton  and  young-of-the-year  (YOY)  yellow  perch,  were 
established  in  the  vicinity  of  Gores  Landing,  Ontario,  prior 
to  the  initiation  of  the  sampling  program.   Since  submerged 
macrophytes  can  achieve  coverage  of  60%  of  the  lake's  area 
annually,  the  selected  sampling  locations  included  a 
raacrophyte  site,  a  macrophyte-openwater  interface  site  and  an 
openwater  station.   These  stations  were  monitored  for 
differences  in  habitat  use  by  zooplankton  and  YOY  perch. 
Figure  3  summarizes  the  three  sample  areas. 

Zooplankton  samples  used  for  identification,  enumeration 
and  biomass  determination  were  collected  with  a  35  litre 
Schindler-Patalas  trap  at  macrophyte,  interface  and  openwater 
locations  during  the  day  (afternoon)  and  at  dusk.   Samples 
were  obtained  at  1  metre  intervals  from  the  surface  to  the 
lake  bottom  at  each  monitoring  station.   Zooplankton  were 
concentrated  in  an  80u  codend  and  preserved  in  a  4% 
sugar-formalin  solution  (Prepas  1978).   Samples  used  for 
Lipid-Ovary  and  egg  counts  were  collected  in  the  same  manner 
but  only  during  the  afternoon.   Zooplankton  from  these 
samples  were  asphyxiated  with  carbonated  water  and  stored  on 
ice  until  freezing  at  the  conclusion  of  daytime  sampling. 
Zooplankton  collections  were  made  at  weekly  intervals  from 
May  12  to  July  12.   The  interval  between  the  second  and  third 


Figure    3.       Study    location    and    areas    of    young-of-the-year 
fish    and    zooplankton    collections   made    at 
macrophyte    (  ssss  ),     interface    ( ;'.yn  ,    and  .openwater 
(WM)    sites.    Rice    Lake,     1988. 
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samples  was  11  days.   An  additional  three  zooplankton  samples 
were  collected  at  the  end  of  the  program  (July  19  -  August  8) 
to  document  the  decline  of  Daphnia  populations  in.  the  lake. 
These  samples  were  made  at  10  day  intervals  and  collected 
from  the  openwater  stations  only,  during  the  day. 

B.  Laboratory  Methods 

Zooplankton  samples  used  for  the  description  of 
population  dynamics  were  combined  for  each  of  the  openwater 
and  interface  sites.   Samples  were  prepared  for  each  location 
by  combining  10  ml  of  each  sample  depth.   Each  sample  was 
stirred  and  a  subsample  (minimum  volume  of  3  ml )  extracted 
for  enumeration  and  size  measurement  using  a  computer 
assisted  caliper  device  (Sprules  et  al .  1981).   On  average, 
200-300  animals  (exclusive  of  rotifers)  were  counted  for  each 
sample.   Rotifers  were  an  exception  to  the  above  procedure  as 
they  were  too  small  to  be  measured  and  received  enumeration 
only.   In  the  subsamples  used  to  count  and  size  the  other 
zooplankton,  all  rotifers  were  counted  regardless  of  numbers. 


Results 

Daphnia  Numbers  and  Biomass 

Daphnia  numbers  and  biomass  tended  to  be  higher  in  the 
evening  than  in  the  afternoon  (Table  1).   Highest  numbers  an< 
biomass  occurred  at  each  of  the  three  stations  over  the 
summer,  with  no  trend  evident. 

Daily  average  Daphnia  density  ranged  from  1-124 
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Table  1.   Daphnia  abundance  (#/L)  and  biomass  at 

three  sampling  stations  in  Rice  Lake,  1988, 
(Values  are  means  of  afternoon  and  evening 
samples . ) 

Date       Station      Abundance        Biomass 
(#/L)  (ug/L) 


May 

12 

Macrophyte 

Interface 

Openwater 

2(0,4) 
4(5,3) 
2(0,4) 

430(0,859) 

126(132,120) 

103(0,205) 

May 

19 

Macrophyte 

Interface' 

Openwater 

4(8,0) 
19(6,32) 
38(19,57) 

221(441,0) 

485(253,717) 

2813(1085,4541) 

May  : 

30 

Macrophyte 

Interface 

Openwater 

13(23,3) 
8(2,13) 
8(5,11) 

1427(2635,218) 
556(142,969) 
659(318,999) 

June 

7 

Macrophyte 

Interface 

Openwater 

<1(1,<1) 

2(2,1) 
10(6,14) 

73(110.35) 

67(123,11) 

993(173,1812) 

June 

14  . 

Macrophyte 

Interface 

Openwater 

2(0,3) 
<1(<1,0) 
<1(<1,<1) 

108(0,216) 

5(9,0) 

12(14,9) 

June 

21 

Macrophyte 

Interface 

Openwater 

3(3,3) 

5(7,3) 

15(16,4) 

225(260,249) 

323(516,129) 

1150(1222,1078) 

June 

28 

Macrophyte 

Interface 

Openwater 

•  19(4,34) 
58(26,90) 
45(57,33) 

1217(91,2343) 
5914(2453,9375) 
5147(6001,4293) 

July 

5 

Macrophyte 

Interface 

Openwater 

96(99,93) 

88(59,116) 

189(197,181) 

3091(2478,3704) 

4866(3261,6470) 

14148(15793,12502) 

July 

12 

Macrophyte 

Interface 

Openwater 

24(8,40) 

94(67,120) 

78(58,97) 

1850(318,3382) 

11467(8130,14803) 

5730(4001,7460) 

July 
July 
Aug  : 

19* 
29* 

8* 

Openwater 

. Openwater 

Openwater 

75 
50 
19 

5301 
4838 
1219 

afternoon  sample  only 
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organisms/L  over  the  study  period  (Fig.  4).   Minimum  and 
maximum  densities  were  recorded  on  June  14  and  July  5, 
respectively.   Density  values  declined  through  July  but  were 
still  high  on  the  final  date  of  sampling  (August  8). 
Presumably  average  estimates  may  have  been  higher  on  this 
date  since  density  values  reflected  afternoon  Daphnia 
abundance  only. 

Biomass  estimates  of  Daphnia  followed  a  similar  pattern 
as  density  values  (Fig.  4).   Biomass  peaked  on  May  19  then 
declined  to  a  seasonal  low  of  41.7  ug  L    on  June  14.   A 
second  peak  occurred  on  July  5  (7,368.3  ug  L   ).   Biomass  of 
Daphnia  at  the  completion  of  the  sampling  program  was  1,219 
ug  L~  ,  and  again  reflected  only  afternoon  collections.   The 
trend  of  estimated  Daphnia  biomass  clearly  followed  that  of 
Daphnia  abundance  since  mean  individual  Daphnia  biomass 
remained  constant  throughout  much  of  the  collection  period 
(Fig.  5).   Individual  Daphnia  biomass  averaged  from  the 
means  of  each  sampling  date  was  68.1  ug .   Measured  minimum 
and  maximum  values  over  the  summer  were  28.4  ug  (June  7)  and 
105. 1  ug  (July  28) . 
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Figure  4.   Mean  biomass  and  density  of  Daphnia  in  Rice 
Lake,  estimated  from  three  habitats. 
Note:  estimates  for  the  final  three  dates  are 
from  openv;ater  collections  only. 
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Figure    5.      Mean    biomass    of    individual   Daphnia   estimated 
from   zooplankton    collections    in    Rice    Lake,     19J 
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SECTION  III    YOUNG-OF-THE-YEAR  FISH 

Methods 

A.  Field  Methods 

Fish  collections  were  conducted  at  weekly  intervals 
between  May  12  and  July  12,  in  conjunction  with  diel 
zooplankton  sampling.   Two  collection  methods  were  utilized 
to  monitor  YOY  perch  abundance  in  Rice  Lake.   A  Miller  Trawl, 
comprised  of  two  fiberglass  cones  and  affixed  Nitex" 
screening,  was  employed  for  initial  collections  of 
young-of-the-year  yellow  perch.   The  trawl  apparatus  was 
mounted  on  the  side  of  the  barge  near  the  bow  and  the  nets 
pushed  through  the  water.   A  flowmeter  was  mounted  to  the 
inside  of  one  net,  allowing  the  measurement  of  water  filtered 
by  the  trawl.   Five  minute  trawls  were  conducted  at  a  depth 
of  0.75  m  at  all  stations  during  the  first  sample,  however, 
rapidly  increasing  macrophyte  growth  inshore  necessitated 
trawls  at  this  location  to  be  run  at  0.25  m  depth  during  the 
second  sampling  date.   Trawl  collections  inshore  were  made 
immediately  above  the  macrophyte  bed.   When  sampling  directly 
in  the  macrophytes  the  Miller  apparatus  was  unable  to  operate 
properly  due  to  clogging.   A  37  m  fine-meshed  purse  seine  was 
employed  for  young-of-the-year  perch  collections  when  the 
trawl  was  no  longer  functional  (eg.  in  macrophytes)  or 
ineffective  at  capturing  young  fish.   Three  samples  per 
location  were  collected  for  each  time  period. 

Both  methods  employed  for  the  collection  of  YOY  perch 
were  tested  prior  to  quantitative  assessment.   Previous 
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experience  with  Miller  Trawls  necessitated  only  several  test 
runs  to  familiarize  the  sampling  crew  with  the  apparatus  and 
assess  adaptations  to  the  Limnos  barge.   Calibrations  of  the 
flowmeter  with  distance  and  time  were  undertaken.   As  well, 
calibration  trawls  were  completed  to  compare  collections  made 
at  different  depths.   The  purse  seine  was  demonstrated  by  a 
technician  in  Lake  St.  George  prior  to  its  use  in  Rice  Lake. 
Test  collections  were  made  at  Rice  Lake  before  quantitative 
assessment  began,  as  were  calibrations  of  the  seine  with  the 
trawl.   Table  2  summarizes  the  collection  technique  employed 
for  each  sample  date  and  identifies  dates  where  equipment 
calibration  occurred.   Results  were  not  corrected  for 
equipment  or  depth  differences. 

B.  Laboratory  Methods 

Collected  fish  were  identified,  aided  by  Auer's  (1980) 
key  of  Great  Lakes  young-of-the-year  fishes,  enumerated,  and 
numbers  translated  into  density  values  (#/m  )  using  volume 
estimates  from  the  two  collection  methodologies.   Lengths  and 
weights  of  100  individuals  were  measured  for  each  date  for 
growth  analysis.   Qualitative  stomach  content  analysis  was 
undertaken  for  10  perch  from  each  of  the  last  seven  sample 
dates.   Other  fish  species  were  also  identified  but  received 
no  further  processing. 

Results 

Both  the  Miller  Trawl  and  purse  seine  effectively 
captured  YOY  perch.   Figures  6  and  7  summarize 
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Figure  6.   Young-of -the-year  yellow  perch  abundance 

in  Rice  Lake  estimated  from  macrophyte  (■) 
interface  (•)  and  openwater  (A)  samples 
collected  during  the  day. 
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Figure  7.   Young-of-the-year  yellov;  perch  abundance 

in  Rice  Lake  estimated  from  macrophyte  (■) 
interface  (•)  and  openwater  (A)  samples 
collected  at  dusk. 
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young-of-the-year  densities  for  the  three  sampling  locations 
for  day  and  dusk  collections,  respectively.   Similar  results 
yielded  from  day  and  dusk  collections  suggest  that  the 
sampling  equipment  used  was  very  efficient.   Yellow  perch 
density  averaged  from  the  data  of  these  figures  is 
illustrated  in  Figure  8.       ■ 

Calibration  of  shallow  and  deep  trawls  indicated  that 
shallow  trawls  yielded  substantially  more  fish  during  the  day 
and  at  night.   Calibration  between  the  two  collection 
techniques  indicated  that  the  purse  seine  was  more  efficient 
in  capturing  YOY  perch  than  the  trawl.   Calibration  results 
are  summarized  in  Appendix  3. 

Length-weight  data  measured  from  fish  samples  were  used 
to  assess  YOY  perch  growth.   Figure  9  illustrates  yellow 
perch  growth  over  the  course  of  the  field  study.   Growth  was 
exponential  and  mean  weight  reached  1.04g  by  the  final  date 
of  fish  collection. 

Stomach  content  analysis  of  YOY  perch  revealed  the 
increasing  preference  for  Daphnia  with  an  increase  in  perch 
size.   Table  3  summarizes  the  qualitative  breakdown  of 
stomach  contents  between  May  30  and  July  12.   Daphnia 
composed  a  small  fraction  of  consumed  zooplankters  on  May  30 
and  peaked  in  importance  by  the  7th  and  8th  sample  dates 
(95%). 
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Figure  8.  Average  young-of -the-year  yellow  perch 
abundance  in  Rice  Lake,  estimated  from 
day  and  dusk  collections  at  three  habitats. 
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Figure  9,   Growth  of  young-of-the-year  yellow  perch 
in  Rice  Lake,  1988. 
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SECTION  IV    ZOOPLANKTON  AND  WATER  QDALITY  RELATIONSHIPS 

Methods 

Relationships  between  zooplankton  and  water  quality 
parameters  were  examined.   Open-water  zooplankton  data  were 
generated  from  the  methods  outlined  previously  and  were  used 
to  compare  with  water  quality  data  collected  from  open-water. 
Chlorophyll  a.  and  phosphorus  concentrations  at  4  stations  in 
Rice  Lake  were  obtained  from  the  Ontario  Ministry  of  the 
Environment  (K.H.  Nicholls),   Secchi  depths  were  recorded  by 
both  the  O.M.E.  and  our  study. 

Results  - 


Daphnia  Biomass  and  Water  Transparency 

Daphnia  biomass  at  the  open-water  station  fluctuated 
greatly  throughout  the  summer  ranging  from  a  low  of  10  ug  L 
in  mid  June,  to  14,125  ug  L    by  the  first  week  of  July  (Fig. 
10).   Thereafter,  Daphnia  biomass  gradually  declined.   Secchi 
depth  measurements  followed  a  more  even  trend,  increasing 
throughout  May  to  3.5  m  then  decreasing  steadily  to  0.90  m  on 
August  8.   No  relationship  was  found  between  Secchi  depth  and 
Daphnia  biomass  when  compared  by  regression  analysis 
(r=-0.15) (Fig.  11). 

A  comparison  of  Secchi  depths  taken  at  our  open-water 
station  and  at  the  O.M.E.   Spook  Island  station  is  included 
in  Appendix  IB.   These  estimates  of  water  transparency  were 
similar  throughout  the  summer. 
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Figure  10.   Relationship  of  Daphnia  biomass  with  Secchi  depths 
from  the  openwater  of  Rice  Lake,  1988.   (Biomass 
values  are  averaged  from  afternoon  and  evening  samples 
except  Julv  19-Aug.8  which  are  from  afternoon  samples 
only) . 
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Figure  11.   Phase  diagram  showing  the  relationship  of  Secchi  depth 
with  Daphnia  biomass.  Rice  Lake,  1988.   (Biomass  values 
are  averaged  from  afternoon  and  evening  samples  except 
Julv  19-Aug.8  which  are  from  afternoon  samples  only). 
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Daphnia  Biomass  and  Chlorophyll  a^ 

Chlorophyll  a   data  obtained  from  the  OME  varied 
considerably  between  the  four  stations  monitored  (Appendix 
IB).   For  Spook  Island,  the  station  closest  to  our  open-water 
sampling  station,  chlorophyll  a  concentrations  were  between 
the  upper  and  lower  ranges  of  the  data  from  other  stations. 
Figure  12  illustrates  the  phase  diagram  of  Daphnia  biomass 
with  chlorophyll  a  concentration.   The  plot  of  chlorophyll 
concentration  and  Daphnia  biomass  yielded  a  strong  negative 
relationship  (Fig.  12),  however  when  the  data  points  were 
examined  in  sequential  order  ( ie .  a  time  trend  analysis),  the 
relationship  broke  down.   On  numerous  dates  Daphnia  biomass 
and  chlorophyll  a  increased  or  decreased  together. 

Phosphorus  concentrations  at  the  Spook  Island  station 
were  similar  throughout  the  summer,  and  with  other  OME 
sampling  stations  (Appendix  IB).   Seasonal  highs  and  lows 
were  recorded  on  June  8  (26  ug  L~  )  and  July  12  (19  ug  L~  ), 
respectively.   The  relatively  constant  concentrations 
throughout  the  summer  suggests  that  phosphorus  was  not 
responsible  for  changes  in  chlorophyll  a    levels. 
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Figure  12.   Phase  diagram  showing  the  relationship  of 

chlorophvll  a  concentration  with  Daphnia  biomass. 
Rice  Lake,  1988.   (Biomass  values  are  averaged  from 
openwater  afternoon  and  evening  samples  except 
July  19-Aug.8  which  are  from  afternoon  samples  only) 
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SECTION  V    SECONDARY  PRODUCTION,  LIPID-OVARY  INDEX 
AND  FISH  EFFECTS 

■  Methods 
A.  Secondary  Production 

Daily  Daphnia  production  was  calculated  for  the  periods 
between  successive  sampling  dates  using  the  data  from  the 
open-water  afternoon  samples  only.   The  following  two  methods 
were  used  to  determine  production: 


Method  I: 
Production 
where  N„' 


(N2-N^) 


b/r 


( in  ug  L   ) 


Number  of  Daphnia  L    at  sampling  time  i  +  1 
Number  of  Daphnia  L    at  sampling  time  i 


instantaneous  birth  rate 


-1 


tK 


where  K  =  development  time  (calculated  from  a  graph  of 

development  time  vs  temperature  (Recchia  1987)) 

r  =  instantaneous  population  growth  rate 

=  ln(N2/N-,)/   time,  where    time  is  in  days 

w  =  mean  individual  Daphnia  biomass  ( ug )  between 
successive  sampling  dates. 


Method  II: 


finite  birth  rate 


(#eggsT  L  ^/N. 


■f  K 


instantaneous  birth  rate  =  In  (1  +  B) 
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^2  "  ^1^^ 
Production 

=  (N^e*^  -  N^)  *  w 

Production  =  N,(e   -  1 )  *  w     ( in  ug  L    day" 


B.  Egg  and  Lipid-Ovary  Counts 

The  lipid  index  was  developed  by  Goulden-Hornig  (1980) 
to  rank-score  cladocerans  by  the  amount  of  lipid  stored  in 
the  haemocoel .   The  index  ranges  from  0  to  3,  with  0  being 
animals  with  0-4  oil  droplets  and  3  being  animals  with  dense 
aggregates 'of  oil  droplets.   The  scoring  can  be  undertaken 
easily'as  the  animals  are  transparent  and  the  visibility  of 
these  droplets  is  usually  enhanced  by  the  presence  of 
carotenoids  which  make  them  a  bright  yellow-orange  colour 
(Tessier  and  Goulden  1980). 

The  lipid  index  was  later  modified  to  a  lipid-ovary 
index  (L-0)  as  each  animal  can  also  be  rank-scored  (0-3)  for 
the  size  and  opaqueness  of  its  ovaries  due  to  egg  production 
(Tessier  and  Goulden  1980).   Since' adult  cladocerans  seem  to 
shunt  most  or  all  lipid  reserves  into  egg  production,  the  sum 
of  the  lipid  and  ovary  indices  (0-6)  can  serve  to  rank 
individuals  by  their  energy  reserves. 

The  samples  collected  for  this  analysis  were  thawed  at 
room  temperature,  combined  in  the  same  way  as  zooplankton 
samples  used  for  enumeration,  and  counted  immediately  to 
prevent  deterioration  after  thawing. 

The  samples  were  observed  in  a  plexiglass  counting  wheel 
under'  a  Wild"  stereo  microscope  using  an  ocular  micrometer. 
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The  first  50  intact  Daphnia  spp .  (all  being  considered 
female)  were  measured  for  body  length,  exclusive  of  tail 
spine,  and  each  was  assigned  a  L-0  rating.   The  number  of 
females  with  eggs  and  the  egg  numbers  were  counted  from  the 
same  set  of  50  organisms. 

Results 

A.  Secondary  Production 

The  production  values  from  the  two  methods  were  similar 
(Table  4).   The  values  obtained  using  method  I  were  lower 
than  those  from  method  II  when  Daphnia  numbers  per  litre 
increased  over  the  time  period,  and  vice  versa  when  the 
numbers  of  Daphnia  decreased . 

Daphnia  daily  production  (the  mean  of  the  2  methods) 
fluctuated  throughout  the  summer.   Two  distinct  periods  of 
daily  Daphnia  production  were  observed.   Values  of  0  ug  L~ 
were  measured  for  the  periods  May  12  -  May  19  and  June  14  - 
June  21.   Peaks  of  daily  production  occurred  between  May  19  - 
May  30,  and  July  5  -  July  12  (Fig.  13).   Daphnia  production 
and  bioraass  followed  the  same  trends  over  the  summer. 


B.  Egg  and  Lipid-Ovary  Counts 

The  number  of  Daphnia  eggs  L~   remained  at,  or  close  to, 
0  until  the  end  of  June  when  the  numbers  began  to  increase  to 
reach  a  summer  high  of  196  on  July  5.   Egg  numbers  then 
decreased  and  never  became  greater  than  32  eggs  L    (Fig. 
13). 

The  Daphnia  L-0  statistic  was  defined  as  the  slope  of 
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NUMBER  OF  EGGS 


AUGUST 


Figure  13.   Average  daily  secondary  production  of  Daphnia,  and 

the  number  of  Daphnia  eggs  per  litre  measured  through- 
out the  summer.  Rice  Lake,  1988,   Vertical  bars  are 
production  ranges  of  the  two  calculation  methods. 
Daphnia  biomass  is  from  openwater  afternoon  samples 
only. 
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the  "best-fit"  line  for  the  regression  of  the  L-0  index  with 
Daphnia  body  length  for  each  sampling  date  (Appendix  5).   The 
L-0  statistic  ranged  from  0.0  to  1.20  over  the  summer  and 
also  described  two  distinct  periods  (Fig.   14).   The  L-0 
statistic  peaks  for  each  period  were  1.12  and  1.20.   The 
total  biomass  of  the  Daphnia  population  closely  followed  the 
pattern  of  the  L-0  statistic  over  the  summer  (Fig.   14) 
indicating  that  the  health  of  the  individual  was  reflected  in 
the  overall  health  of  the  population. 

C.  Secondary  Production  vs  Consumption  by  YOY  Yellow  Perch 

Actual  losses  incurred  by  the  Daphnia  population  over 
the  summer  were  calculated  by  the  observed  change  in  biomass 
minus  the  production  (Table  4).   Losses  indicated  Daphnia 
mortality  through  natural  causes  and/or  consumption  by  fish 
predators.   Daphnia  population  losses  first  occurred  in  late 
May  and  early  June  (Fig.  15).   Substantial  losses  occurred 
throughout  the  month  of  July  and  into  early  August. 
Consumption  of  Daphnia  by  young-of-the-year  yellow  perch  was 
highest  in  late  May,  and  the  latter  half  of  June.   Perch 
consumption  declined  in  early  July  (Fig.  15). 

The  potential  impact  of  yellow  perch  predation  on  the 
Daphnia  population  is  expressed  in  Figure  16  as  the 
percentage  of  actual  daily  Daphnia  loss.   During  late  May  and 
early  July  the  young-of-the-year  perch  population  was 
potentially  responsible  for  well  over  100%  of  the  actual 
daily  Daphnia  loss.   A  further,  much  reduced,  impact  of  the 
perch  population  on  Daphnia  was  observed  in  late  June/early 
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Figure  14.   Changes  in  the  L-O  statistic  measured  throughout  the 
summer  compared  with  changes  in  Daphnia  biomass.  Rice 
Lake,  1988. 
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Figure  15.  Actual  daily  population  losses  of  Daphnia  compared 
with  potential  Daphnia  consumption  by  yellow  perch, 
Rice  Lake,  1988. 
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Figure  16.   Daphnia  consumption  by  yellow  perch  as  a  percentage 
of  actual  .Daphnia  loss  throughout  the  summer.  Rice 
Lake,  1988. 
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July.   Yellow  perch  consumption,  however,  was  unimportant  in 
the  eventual  decline  of  Daphnia  observed  in  early  July  when 
fish  samples  were  collected.   Fish  collections  were  not  made 
through  the  month  of  July  and  August,  when  substantial  losses 
of  Daphnia  also  occurred. 
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SECTION  VI    CONCLUSIONS  AND  RECOMMENDATIONS 

Conclusions 

This  project  represents  an  initial  attempt  to  assess  the 
importance  of  trophic  level  interactions  between 
young-of-the-year  zooplankt ivorous  fish  and  zooplankton  on 
chlorophyll  concentration  in  Rice  Lake.   Budget  constraints 
of  the  contracting  agencies  limited  the  sampling  schedule  to 
the  period  believed  to  cover  significant  changes  in  fish  and 
zooplankton  abundance,  and  the  analysis  of  yellow  perch  as 
the  most  important  planktivore  predator.   Results  indicated 
that  the  interactions  between  these  trophic  levels,  and  high 
population  abundance,  lasted  longer  than  anticipated.   High 
Daphnia  abundance,  for  example,  extended  much'  longer  than 
expected  and  remained  high  on  the  final  date  of  sample 
collection.   The  collection  of  young-of-the-year  yellow  perch 
and  other  small  fishes  was  terminated  while  their  potential 
impact  on  zooplankton  was  still  evident.   As  well,  the  impact 
on  Daphnia  abundance. by  other- fish  species  collected 
indicated  a  greater  than  anticipated  potential  supplementary 
to  yellow  perch  that  was  not  assessed  and  may  have  been 
important  in  describing  Daphnia  losses.   The  project, 
therefore,  must  be  considered  incomplete.   Nevertheless, 
methodology  developed  and  conducted  in  this  investigation  was 
appropriate  and  successful.   Bioenergetics  modelling  of 
yellow  perch  consumption  on  Daphnia  produced  results  which 
implicated  perch  as  a  contributor  to  Daphnia  population 
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losses,  most  significantly  during  early  summer. 

The  examination  of  the  link  between  fisheries  management 
and  water  quality  management  in  Rice  Lake  was  based  on  two 
hypotheses.   Firstly,  the  hypothesis  that  young-of -the-year 
yellow  perch  could  have'  a  significant  negative  impact  on 
Daphnia  biomass  (Mills  and  Forney  1983,  and  McQueen  et  al . 
1986)  was  tested.   Secondly,  the  hypothesis  that  cholorophyll 
a^  concentration  is  negatively  related  to  Daphnia  biomass 
(Shapiro  et  al .  1982,  McQueen  et  al.  1986)  was  examined. 
These  hypotheses  imply  a  trophic  cascade  (Carpenter  et  al . 
1985)  with  high  planktivore  biomass  associated  with  low 
zooplankton  biomass,  high  phytoplankton  biomass  and  poor 
water  quality.   Conversely,  low  planktivore  biomass  is 
associated  with  high  zooplankton  biomass,  low  phytoplankton 
biomass  and  good  water  quality. 

Bioenergetics  modelling  of  young-of-the-year  yellow 
perch  data  indicated  that  their  rate  of  Daphnia  consumption 
was  able  to  significantly  reduce  Daphnia  biomass  only  in  late 
May  and  early  June.   Changes  in  Daphnia  population  numbers 
and  biomass  over  the  sampling  period  were  related  to  changes 
in  the  L-0  statistic  and  egg  counts,  indicating  dependence  on 
appropriate  food  availability  (algae).   Large  losses  of 
Daphnia  which  occurred  throughout  July  and  August  following 
cessation  of  fish  sampling  were  not  the  result  of  starvation, 
as  indicated  by  the  high  L-0  statistic  at  this  time,  but 
presumably  by  fish  predation  or  other  natural  causes. 
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Zooplanktivorous  young-of -the-year  centrarchids ,  for  example, 
would  presumably  be  abundant  during  this  period,  based  on  the 
timing  of  spawning  for  this  family. 

Examination  of  selected  water  quality  characteristics 
and  Daphnia  biomass  indicated  independence  between  these  two 
parameters.   Daphnia  biomass  and  chlorophyll  a  concentrations 
were  not  correlated.   A  negative  relationship  between  these 
two  parameters  could  be  concluded  from  the  data  points, 
however  when  time  trend  analysis  was  included,  this 
relationship  was  not  demonstrated.   Changes  in  Secchi  depth 
measurements" and  Daphnia  biomass  occurring  over  the  summer 
were  not  correlated,  which  supports  the  conclusions  that 
these  two  parameters  were  independent  in  Rice  Lake  in  1988. 

Biomanipulation  of  the  Rice  Lake  environment,  achieved 
through  protection  and  enhancement  of  a  top  predator  species, 
appears  somewhat  premature.   Theory  of  the  tested  hypothesis 
predicts  that  the  addition  of  walleye  to  Rice  Lake  would 
increase  yield  of  this  species,  negatively  impact  yellow 
perch  abundance,  and  increase  Daphnia  biomass.   Enclosure 
studies  previously  carried  out  in  Rice  Lake  (O.M.E., 
unpublished  data)  have  documented  clear  water  effects  through 
the  manipulation  of  young-of-the-year  yellow  perch  abundance. 
Our  study,  carried  out  in  the  natural  environment,  was  unable 
to  demonstrate  this  interaction.   In  some  cases  water 
transparency  and  chlorophyll  a^  concentrations  may  not  be 
affected  by  positive  changes  in  Daphnia  biomass  arising  from 
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the  manipulation  of  fish  populations.   These  results  have 
been  observed  in  Oneida  Lake  (Mills  et  al .  1987),  Bautzen 
reservoir  (Benndorf  et  al .  1988)  and  Lake  St.  George 
(McQueen  et  al .  1988).   Perhaps  high  rates  of  nutrient 
loading,  or  nutrient  release  within  the  system,  may  be 
capable  of  driving  primary  production  levels  beyond  the 
control  of  primary  consumers  ( zooplankton) .   Recent  research 
indicates  that  total  phosphorus  concentrations  may  dictate 
the  effectiveness  of  the  manipulation  of  trophic  structure. 
McQueen  et  al .  (in  press),  for  example,  suggest  that 
biomanipulation  may  have  a  positive  impact  on  water  quality 
when  TP  levels  are  15-20  ug/L,  while  biomanipulation  may  be 
ineffective  at  concentrations  greater  than  25  ug/L.   Total 
phosphorus  concentrations  in  Rice  Lake,  measured  by  the 
Ontario  Ministry  of  the  Environment,  averaged  20-25  ug/L 
during  the  summer  of  1988.   This  relationship  remains  to  be 
tested  using  the  methodology  developed  in  this  report,  and 
should  be  conducted  over  a  full  season  and  include  an 
assessment  of  the  total  planktivore  population. 
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Recoinmendations 

Based  on  the  conclusions  of  this  report  the  following 
r-ecommendations  are  made: 


1988  Rice  Lake  Study 

1.   Bioenergetics  modelling  of  other  fish  species  collected 
in  1988  should  be  undertaken,  and  the  report  modified,  to 
provide  a  more  complete  assessment  of  planktivore  impact 
on  Daphnia  biomass  during  the  sampling  period. 


Future  Studies  of  Larval  Fish : Zooplankton  Interactions- 

1.  As  the  information  presented  in  this  report  is  based  on 
data  collected  from  part  of  a  single  sampling  season,  we 
recommend  that  the  results  be  verified  by  at  least  one 
complete  field  season. 

2.  Zooplankton  sampling  should  be  conducted  throughout  the 
late  spring  and  summer  periods  to  fully  describe  Daphnia 
population  dynamics. 

3.  Weekly  fishing  effort  should  be  maintained  and  cover  the 
period  of  Daphnia  increase  and  decline,  and  should  assess 


the  abundance  of  all  plankt  ivorous  fish  species.. 

4.  Bioenergetics  modelling  in  future  studies  should  be 
undertaken  for  all  fish  species  present  to  assess  the 
total  planktivore  impact  on  the  Daphnia  population. 

5.  Phytoplankton  production  and  species  composition  should  be 
■  measured  to  determine  the  available  food  resource  and  the 

potential  for  dietary  limitation  of  the  Daphnia  population, 


J 
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SECTION  VTI    DEVELOPMENT  OF  A  SOUND,  TESTABLE  HYPOTHESIS 
AND  EXPERIMENTAL  DESIGN  TO  LINK  FISHERIES 
MANAGEMENT  WITH  WATER  QUALITY  MANAGEMENT 
THROUGH  THE  EXPERIMENTAL  MANIPULATION  OF 
PISCIVORES  IN  LARGE  ENCLOSURES  BASED  ON 
INFORMATION  ARISING  FROM  THE  1988  FIELD  STUDY. 

As  the  examination  of  fish  effects  on  water  quality  was 
incomplete,  the  development  of  a  testable  hypothesis  to  link 
fisheries  management  with  water  quality  management  in  large 
enclosures  was  not  undertaken.   We  believe  that  the  1988 
field  study  was  successful  in  demonstrating  the  applicability 
of  field,  laboratory,  and  modelling  methodologies,  but  did 
not  provide  complete  data  required  to  substantiate  the 
hypothesis  tested.   For  this  reason  large  enclosure 
experimentation  would  appear  to  be  premature  and  is  not 
recommended  until  subsequent  testing  of  larval  fish  effects 
on  water  quality  demonstrates  that  predation  by  plankt ivorous 
fish  negatively  impacts  Daphnia  abundance. 
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Appendix  lA.   Mean  mid-water  column  temperatures  calculated  for 
each  sampling  station  and  sampling  date. 


Mean  mid-water  column  temperatures  were  calculated 
by  the  following  methods: 

1)  A  regression  was  run  between  surface  measures  and  recorder  measu 
allowing  a  surface  temperature  to  be  extrapolated  for  each  date. 

2)  The  surface  measure  and  the  recorder  measure  were  averaged 
to  produce  a  daily  mid-water  column  mean  for  the  weed  and 
openwater  stations. 

3)  Interface  station  temperatures  were  calculated  as  the  mean  of 
weed  and  openwater  values. 
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TEMPERATURE- (°C) 
Date  Weed   Interface    Offshore 


May 

12 

14.55   , 

14.63 

14.71 

13 

13.87 

13.95 

14.03 

14 

12.95 

13.26 

13.59 

15 

13.33 

13.70 

14.08 

16 

14.09 

14.08 

14.08 

17 

14.65 

14.39 

14.14 

18 

14.38 

14.23 

14.08 

19 

14.54 

14.37 

14.26 

20 

14.53 

14.38 

14.39 

21 

14.73 

14.64 

14.56 

22 

16.32 

15.75 

15.27 

23 

18.03 

16.59   • 

15.16 

24 

18.43 

16.93 

15.43 

25 

16.98 

16.54 

16.11 

26 

15.51 

15.63 

15.76 

27 

15.24 

15.50 

15.77 

28 

15.75 

15.98 

16.21 

29 

17.18 

16.67 

16.13 

30 

19.57 

18.36 

17.16 

31 

21.50 

19.72 

17.94 

June 

1 

22.06 

19.63 

17.21 

2 

19.71 

19.05 

18.30 

3 

18.91 

18.63 

18.35 

4 

18.85 

18.66 

18.35 

5 

18.82 

18.66 

18. '50 

6 

19.19 

18.82 

18.45 

7 

.18.95 

18.75 

18.55 

8 

18.34 

1.8.2  5  . 

18.17 

9 

17.87 

17.69 

17.52 

10 

17.56 

17.35 

17.15 

11 

17.82 

17.55 

17.28 

12 

18.22 

1 8 .  02 

17.82 

13 

19.00 

18.75 

18.51 

14 

19.66 

19.55 

19.45 

15 

20.55 

20.55 

20.55 

16 

21.56 

21.11 

20.66 

17 

21.51 

20..90 

20.29 

18 

21.83 

21.27 

20.71 

19 

21.62 

21.53 

21.45 

20 

21.39 

21.31 

21.23 

21 

21.64 

21.50 

21.37 

22 

21.79 

21.56 

21.84 

23 

21.56 

21.51 

21.46 

24 

21.17 

21.14 

21.12 

25 

20.88 

20.88 

20.88 

26 

19.76 

19.90 

20.04 

27 

20.22 

20.02 

19.83 

28 

20.06 

19.95 

19.84 

29 

18.59 

19.22- 

19.89 

30 

17.41 

17.49 

'       17.57 
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TEMPERATURE  (°C) 
Date  Weed   Interface    Offshore 


July 

1 

17.33 

17.31 

17.30 

2 

18.02 

17.36 

17.71 

3 

18.88 

18.57 

18.26 

4 

19.57 

19.11 

18.66 

5 

20.77 

19.70 

18.65 

6 

22.22 

20.66 

19.11 

7 

23.35 

21.32 

19.30 

8 

25.27 

22.33 

19.39 

9 

26.47 

22.87 

19.28 

10 

26.55 

23.96 

21.38 

11 

26.02 

2  5.45" 

24.88 

12 

25.48 

24.16 

22.84 

13 

24.71 

22.93 

21.16 

14 

24.29 

24.15 

24.01 

15 

23.97 

23.92 

23.87 

16 

23.80 

23.72 

23.65 

17 

24.18 

25.95 

27.73 

.18 

24.72 

24.33 

23.99 

July  19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

August  1 
2 
3 
4 
5 
6 
7 


Combined  Stations 


9 

10 
11 
12 
13 
14 
15 
16  24.50 


26 

.00 

25, 

.85 

25, 

.70 

25, 

.65 

25, 

.40 

25, 

,35 

25, 

.10 

24. 

.95 
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APPENDIX  IB. 


O.M.E.  Rice  Lake  Quality  Data 
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Figure  IB-1.   Comparison  of  secchi  depths  recotded  at  the 
^  openwater  location  (•-•)  and  at  the  O.M  E. 

station  off  spook  Island  (B^-*)  ,  Rice  Lake,  19? 
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Figure  IB-2 .   Comparison  of  chlorophyll  a  concentrations  from 
the  four  O.M.E.  sampling  stations: 
1)  off  Bewdley  (Z^t-A)  ,  2)  off  Spook  Island  (•—•), 
3)  off  Hickory  Island  (o— Oj  ,  and  4)  off  Margaret 
Island  (D— D)  ,  Rice  Lake,  1988. 
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Figure  IB-3.   Comparison  of  total  phosphorus  concentrations 
from  the  four  O.M.E.  sampling  stations: 
1)  off  Bewdlay  (A-A),  2)  off  Spook  Island  (•—•), 
3)  off  Hickory  Island  (O— O)  ,  and  4)  off  Margaret 
Island  (D— n).  Rice  Lake,  1988, 
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APPENDIX  II. 

Biomass  of  Rice  Lake  zooplankton  measured 
throughout  the  summer  of  1988.   Values  are 
averaged  from  the  three  sampling  locations. 
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APPENDIX  III 


Fish  sampling  Gear  Calibrations 
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APPENDIX  IV. 

Cohabiting  fish  species  collected  in 
Miller  trawls  and  purse  seines.  Rice 
Lake,  19  88.- 

Legend 

eg.  1-0-1-la 

where  1-  =  sample  date 

0-  =  openwater  station 

1-  =  afternoon  sample 

la  =  first  trawl,  left  Miller  bomb 
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APPENDIX  V. 

Daphnia  lipid-ovary  indices  plotted 
against  daphnia  body  length  for  each 
sample  date.   Equations  are  for  best- 
fit  lines.   Sample  size-frequency 
distributions  are  also  included  for 
each  date. 


76 


6    - 


X 

4 

LU 

Q 

■7" 

6 

O 

1 

2 

MAY  12 


PERCENT 

p           0        20       40       60       80        100 
^  — I 1 1 I L 


0-0  • 
X 

O    0-4 


LU 


0-8 L 


>- 
o    '  ^ 

CD 

>|-6 


0-0 


y  =  0-09x 


1-2 


0-4  0-8  1-2  1-6 

■    BODY     LENGTH   (mm' 


2-0 


MAY  19 


PERCENT 


0        20       40       60       80        too 
I I I 1 I 


0-0- 


^    0-4-^ 

LU 

-^    0-8 


6   - 


5    - 


>- 

Q    1.2 

CD 

>l-6 


X       4 

UJ 
Q 


y  =  0-62x 


O 
1  2   A 


•   •    •         • 


•'•         • 


00 


r 

0-8 


0-4  0-8  1-2  1-6 

BODY     LENGTH   (mm' 


2-0 


78 


MAY  30 


6   - 


X 

4 

Ijj 

Q 

:^ 

6 

o 

i 

2 

PERCENT 

0        20       40       60       80 
I '  ' : L_ 


100 


0-0 


X 

O    0-4 


0-8 

I  -2 

>|-6 


00 


y  =  0-80x 


•    •    • 


0-4  0-8  1-2  1-6  2-0 

BODY     LENGTH   (mm) 


79 


JUNE  7 


PERCENT 

0        20        40       60       80        100 
— I 1 1 \ I 


0-0 


X 
I- 
^    0-4-1 


0-8 

I  -2 

>|-6 


y=0-72x 


X        4 

LU 

Q 

—        3   H 

O 

I  2 


•.   .     • 


0-0 


— T— 

0-8 


-r- 

1-2 


0-4  0-8  1-2  1-6  2-0 

BODY     LENGTH   (mm) 


5    - 


X     ^  H 

[±1 


O 
I  2 


JUNE  14 


PERCENT 
0        20       40       60       80        100 


0-0 
X 

O    0-4 

UJ 


'    0-8 

:  1-2 

I 
>1-6H 


y  =  0-23x 


■•""• 


0-0 


0-4 


-1^ 
1-6 


2-0 


BODY     LENGTH    (mm) 


81 


JUNE  2 


X 

4 

LU 

Q 

7^ 

3 

O 

1 

2 

PERCENT 

0        20       40       60       80        100 
— 1— 1 1 \ L 


0-0- 


e?    0-4 

LU 

^    0-8. 

>- 

Q    i.p 
o    '  ^ 

QQ 


:i 


>l-6 


F 


•        • 


y  =  0-62x 


•    • 


•    •    •   •    •         •         • 


0-0  0  -4 


0-8 


1-2 


1-6  2-0 


BODY     LENGTH   (mm' 


82 


JUNE  28 


6   - 


PERCENT 

0        20       40       60       80        100 
1 1 1 L_i 


0-0  • 


X 
\- 
«    0-4 

LlJ 

^    0-8. 

>- 

O     '    ^ 
CD 


:i 


>|-6 


X 

4  - 

UJ 

Q 

:z 

6  - 

o 

1 

2    - 

y-  0-82X 


•    •  •         • 


•    •    •     •    •  A^*    •    •     • 


•    •••••••  •  • 


— r— 
0-8 


0-0  0-4  0-8  1-2  .     1-6  2-0 

BODY     LENGTH    (mm) 


83 


JULY  5 


PERCENT 

0        20       40       60       80        100 
I I  I \ L 


0-0 


X 

o  0' 


0 


6    - 


>1 


X       4 

LU 

—        3  H 


y=l-!2x 


00 


— r— 

0-8 


0-4  0-8  1-2  1-6  2-0 

BODY     LENGTH    (mm) 


84 


JULY  12 


PERCENT 

0        20       40       60       80        100 
I I I i L 


0-0  • 


X 
h- 
O    0-4 


UJ 


:i 


0-8. 

1-2 

I 

>|-6 


X      4  -« 

u 

Q' 

—         3  -| 

o 

I  2 


y  =  O-Slx 


•  • 


•    •         •    •    • 


0-0 


I 

0-8 


0-4  0-8  r-2  1-6        -■     2-0 

BODY     LENGTH   (mm) 


85 


JULY    19 


PERCENT 

0        20       40       60       80        100 
\ 1 I I L 


0-0  ■ 


6   - 


5    - 


^    0-4 

LU 

-^    0-8. 

>- 

O  l.p 
o  '  ^ 
CD 

>l-6 


X       4  -^ 

LU 
Q 

—        3 

o 

I  2   A 


y  =  0-9IX 


•    • 


•        •    •    %   %^^^   • 


•    •   • 


O-O  0-4  0-8  1-2  1-6  2-0 

BODY     LENGTH    (mm) 


86 


JULY  29 


PERCENT 

0        20       40       60       80        100 
1 i I I L 


0-0 


I— 

O    0-4 


6    - 


0-8 

I  -2 

>l  -6 


X     4  H 

—         3 


y  =  l-20x 


o 

I  2    -J 


•    •   •  •    • 


00  0-4 


0-8 


1-2 


1-6  2-0 


BODY     LENGTH    (mm) 


87 


AUG  8 


PERCENT 
0        20        40       60       80        100 


0-0  H 
X 

O    0-4 

LjJ 

-^    0-8. 


5    - 


X       4-1 

LU 
Q 


O 
I  2 


I  -2-1 
>l  -6 


y  =  0-89X 


•    •    •         • 


•    •         •    •    • 


— I — 
0-8 


-T— 
1-2 


00  0-4  0-8  1-2  1-6  2-0 

BODY     LENGTH    (mm) 


88 


APPENDIX  VI. 

Consumption  rates  of  daphnia  by 
young-of-the-year  yellow  perch  in 
Rice  Lake  -  Bioenergetics  modelling, 
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INPUT  DATA  TO  THE  BIOENERGETICS  MODEL 


Temperature 

As  the  bioenergetics  model  is  only  able  to  use  a 
maximum  of  36  temperatures,  temperature  data  for- every 
second  day  from  May  12  to  July  12  was  used  (Fig.  A  VI-1). 


Population  Density 

Since  not  much  is  known  of  the  ontogenetic  or  diel 
migration  patterns  or  size-dependent  gear  avoidance, 
mortality  was  modelled  as  a  negative  exponential  function 
from  a  starting  density  of  40  individuals  per  cubic  meter 
on  May  12  to  0.1  individuals  per  cubic  meter  on  July  11 
(Fig.  A  VI-2).   The  resultant  mortality  rate  was: 

■0.0982  *  tl  -  to 

where  DENSITY  =  Numbers  per  cubic  meter,  and 
to  &  tl  =  time  in  days 


Individual  Growth  Rate. 

Growth  was  modelled  using  starting  and  ending  weights 
for  each  of  eight  time  periods  from  May  12  to  July  12, 
corresponding  to  the  field  sampling  (Fig.  A  VI-3). 


Population  Growth  Rate 

Population  growth  rate  was  calculated  as  the  product 
of  population  density  and  individual  growth  rates  (Fig. 
A  VI-4)  . 


Diet  Data 


The  proportion  of  various  taxa  on  a  wet  weight  basis 
was  calculated  from  percent  frequency  by  number  data  and 
taxa  specific  estimates  of  mean  weight  from  Rice  Lake 
zooplankton  samples  (Table  A  VI-1).   The  results  of  the 
energetics  modelling  were  summarized  into  two  categories, 
Daphnia  and  Other  Zooplankton  (Fig.  A  VI-5).   Note  that 
mean  weights  were  not  available  for  "insect  larvae"  (eaten 
on  June  21,  July  5,  and  July  12)  or  for  Leptodora  (eaten  on 
July  12).   Therefore  their  contribution  to  diets  on  a 
weight  basis  could  not  be  assessed  and  were  not  included  . 
in  the  bioenergetics  analysis. 
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Figure  A  VI-1.  Rice  Lake  temperature  data( interface  station) 
used  for  bioenergetics  modelling,  1988, 
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Figure  A  VI-2 .  Rice  Lake  yello^N/  perch  population  density' 
used  for  b'ioenergetics  modelling,  1988. 
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Figure  A  VI-3.  Rice  Lake  yellov/  perch  growth  rate  used  for 
bioenergetics  modelling  ,  1988. 


93 


JULY 


Figure  A  VI-4  .  Rice  Lake  yellow  perch  grov/th  rate 

used  for  bioenergetics  modelling,  1988 
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JULY 


Figure  A  VI-5.  Proportion  of  yellow  perch  stomach  contents,  bv 
weight  weight,  used  for  bioenerget ics  modelling, 
1988  (n-  Daphnia,  +-  Other  zooplankton ) . 


Bioenerget ics  modelling 

A  general  bioenergetics  model  of  fish  growth  (Hewett 
and  Johnson  1987)  was  used  with  the  physiological 
parameters  appropriate  for  young-of -the-year  yellow  perch 
(Post  1987).   The  caloric  density  of  the  perch  and  their 
prey  was  assumed  to  be  equivalent  (Post  1988,  Luecke  1988).' 
The  Rice  Lake  data  set  (temperature,  growth,  diet,  density 
and  mortality)  was  used  with  the  model  to  calculate  weight 
specific  growth  and  consumption  rates  (Fig.  A  VI-6)  and  the 
rate  of  consumption  per  cubic  meter  per  day  of  Daphnia 
and  Other  Zooplankton  by  young-of-the-year  yellow  perch 
(Fig.  A  VI-7).   A  listing  of  the  daily  output  from  the 
model  and  explanations  of  the  units  used  is  included 
(Tables  A  VI-2  and  -3). 
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Figure  A  VI-6.   Calculated  specific  growth  (D )  and  consumption 
(+)  rates  of  Rice  Lake  yellow  perch,  1988. 
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JULY 


Figure  A  VI-7.   Calculated  consumption  rate  of  Daphnia  and 

other  zooplankton  by  young-of-the-year  yellow 
perch  in  Rice  Lake,  1988  (D -Total,  -f  -Daphnia 
O -Other  zooplankton). 
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Table  A  VI-2.   Rioe  Lake  YOY  Yellow  Perch  Bioenerget ics  Data,  1988, 


FiPlri  MiTtTFr 

Fteocid* 

2 

4 

5 

6 

7 

8 

9 

15 

16 

27 

28 

1 

132 

14.63 

0.00142 

36.0712 

0.06123 

0.2911 

0.8942 

0.67 

0.33 

0.02636 

0.01296 

2 

.   133 

13.945  0.001755 

32.5282 

0.05709 

0.235B 

0.7632 

0.67 

0.33 

0.0262 

0.0129 

3 

134 

13.26  O.0020gr7 

29.3333 

0.06152 

0.195 

0.663 

0.67 

0.33 

0.02536 

0.01249 

4 

135 

13.67  0.002476 

26.4522 

0.0655 

0.1807 

0.6365 

0.67 

0.33 

0.a?fi?4 

0.01292 

5 

136 

14.08  0.002893 

23.854 

0.069 

0.1683 

0.6142 

0.67 

0.33 

0.02695 

0.013Z7 

6 

137 

14.155  O.UKifc 

21.511 

0.07173 

0.15Z7 

0.5796 

0.67 

0.33 

0.0268 

0.0132 

7 

138 

14.23 

0,0038 

19.3982 

0.07371 

0.1396 

0.55 

0.67 

0.33 

0.02643 

0.01302 

8 

139 

14.305 

0.0CM66 

18.1369 

0.08451 

0.2262 

0.6892 

0.67 

0.33 

0.03529 

0.01738 

9 

140 

14.38  0.006601 

16.3555 

0.09161 

O.202 

0.6377 

0.67 

0.33 

0.03611 

0.01778 

10 

141 

15.065  0.CC6675 

14.7491 

0.09846 

0.1918 

0.6238 

0.67 

0.33 

0.03828 

O.niRflR 

11 

142 

15.75  0.007895 

13.3004 

0.106 

0.1827 

0.612 

0.67 

0.33 

0.04037 

0.01988 

12 

143 

16.34 

0.UJy2b 

11.994 

0.1111 

0.173 

0.5g77 

0.67 

0.33 

O.O4205 

0.02071 

13 

144 

16.93 

0.01078 

10.816 

0.1166 

0.1642 

0.5855 

0.67 

0.33 

0.04357 

0.02146 

14 

145 

16.28 

0.0123 

9.7536 

0.1199 

0.1406 

0.3236 

0.67 

0.33 

0.04(jyi 

o.oms 

15 

146 

15.63' 

0.01379 

8.7956 

0.121.3 

0.1216 

0.472 

0.67 

0.33 

0.03793 

0.01868 

16 

147 

15.805 

0.01537 

7.9317 

0.1219 

0.1141 

0.4564 

0.67 

0.33 

0.0371 

0.01827 

17 

148 

15.96 

0.01701 

7.1526 

0.1217 

0.1073 

0:4426 

0.67 

0.33 

0.03614 

0.0178 

18 

149 

17.17 

0.0189 

6.4501' 

0.1219 

0.1107 

0.4646 

0.67 

0.33 

0.00788 

0.01866 

19 

150 

18.36 

0.02371 

6.1565 

0.146 

0.2544 

0.723 

0.67 

0.33 

0.0625 

0.03078 

20 

151 

16.495 

O.iVKM 

5.5518 

0.157 

0.1927 

0.573 

0.6037 

0.3962 

0.05049 

0.03314 

21 

152 

14.63 

0.03249 

5.0065 

0.1626 

0.1488 

0.4617 

0,5375 

0.4625 

0.03896 

0.0335? 

22 

153 

16.63 

o.asrib 

4.5148 

0.17D5 

0.1623 

0.5068 

0.4712 

0.52B7 

0.03899 

0.04375 

23 

154 

18.63 

0.04435 

4.0713 

0.1806 

0.1746 

0.5553 

0.4C5 

0.596 

0.03834 

0.05632 

24 

155 

18.645 

O.flRl.TR 

3.6715 

0.1887 

0.1586 

0.5204 

0.3387 

O.fiRI? 

0.03183 

0.06213 

25 

156 

18.66 

0.06884 

3.3108 

0.1948 

0.145 

0.4904 

0.2725 

0.7275 

0.02521 

0,06731 

26 

157 

18.7D5 

0.0667 

2.9656 

0.1991 

0.1337 

0.4655 

0.2063 

0.7907 

0.0187 

0,07197 

27 

158 

18.75 

0.07655 

2.806 

0.2148 

0.1476 

0.4837 

0.14 

0.86 

0.01405 

o.fwm 

28 

159 

18.22 

0.0865 

2.5304 

0.2189 

0.13 

0.4397 

0.2143 

0.7857 

0.02024 

0,0742 

29 

160 

17.69 

0.09647 

2.2818 

0.2201 

0.1153 

0.4021 

0.2886 

0.7114 

0.0254 

0.06261 

30 

161 

17.62 

0.1068 

2.Ub77 

0.2197 

0.1069 

0.3825 

0.3629 

0.6371 

O.OTffi 

0.05365 

31 

162  ' 

17.55 

0.1174 

l.PFff, 

0.2178 

0.09942 

0.365 

0.4371 

0.5629 

0.03506 

0.04514 

32 

163 

18.15 

0.1289 

l.fa-733 

0.2157 

0.09614 

0.3671 

0.5114 

0,4886 

0.01069 

0.03907 

33 

164 

18.75 

0.1414 

1.509 

0.2134 

0.09681 

0.3692 

0.5857 

0.4143 

0.04664 

0.C3299 

34 

165 

19.65 

0.1514 

1.4108 

0.2137 

0.07106 

0.3344 

0.66 

0.34 

0.04883 

0.02515 

35 

166 

20.55 

0.1624 

1.2723 

0.2066 

O.UAOB 

0.3464 

O.AJbb 

0.2914 

0.05245 

0.02157 

36 

167 

20.725 

0.1737 

1.1473 

0.1993 

0.0693:/ 

0.3406 

0.7571 

0.2429 

o.n5r<i 

0.0171 

37 

168 

20.9 

0.1852 

1.0346 

0.1916 

0.06656 

0.3356 

0.8057 

0.1943 

0.n53R7 

0.01299 

38 

169 

21.215 

0.1972 

0.933 

0.184 

0.06464 

0.3339 

0.8543 

0.1457 

0.05467  0.009325 

39 

170 

21.53 

0.2C96 

0.8414 

0.17S3 

0.06278 

0.3325 

0.9029 

0.09714 

O.CFfCK^  0.006942 

40 

171 

21.515 

0.2221 

0.7587 

0.1685 

o.nm47 

0.3239 

0.9514 

0.04857 

0.06435  0.002775 

41 

172 

21.5 

0.2502 

0.7094 

0.1775 

0.1271 

0.4349 

0 

0.07596 

0 

42 

173 

21.505 

0.2  MI 

0.6397 

0.1789 

0.1179 

0.4142 

0 

0.07353 

0 

43 

174 

21.51 

0.31C4 

0.5769 

0.1791 

0.1098 

0.3959 

0 

0.07064 

0 

44 

;    175 

21.195 

0.3415 

0.5202 

0.1777 

0.1002 

0.3713 

0 

0.0665 

0 

45 

176 

3D.88 

0.3729 

0.4891 

0.1749 

0.C918 

0.3494 

0 

o.nFpm 

0 

46 

177 

20.45 

0.4O11 

0.4231 

0.171 

0.08368 

0.3272 

0 

0.05724 

0 

47 

178 

20.02 

0.435 

0.3815 

0.166 

0.07654 

0.3G72 

0 

0.05251 

0 

48 

179 

19.62 

0.4693 

0.3567 

0.1674 

0.07884 

0.3039 

0 

0.05228 

0 

49 

180 

19.22 

0.5033 

0.3216 

0.1619 

0.07247 

0.2863 

0 

0.04791 

0 

50 

181 

18.265 

0.5TS4 

0.29 

0.1553 

0.06379 

0.2594 

0 

0.042 

0 

100 


51 

182 

17.31 

0.5655 

0.2615 

0.1479 

0.05626 

0.2356 

L                0 

0.03659 

0 

52 

183 

17.625 

0.597 

0.2359 

0.1408 

0.05556 

0.2359 

L                0 

0.03489 

0 

53 

184 

17.94 

0.6297 

0.2127 

0.1339 

0.06486 

0.2362 

L                0 

0.08325 

0 

54 

185 

18.255 

0.6638 

0.1918 

0.1273 

0.05417 

0.2365 

L                0 

0.03167 

0 

55 

186 

18.57 

0.7069 

0.1794 

0.1268 

0.06632 

0.2fifiR 

L                0 

0.03389 

0 

56 

187 

19.135 

0.7532 

0.1617 

0.1218 

0.06647 

0.2607 

L                0 

O.CPPCF, 

0 

57 

188 

19.7 

0.8026 

0.1459 

0.1171 

0.06564 

0.2645 

L               0 

0.0R273 

0 

58 

189 

20.51 

0.8562 

0.1315 

0.1126 

o.obb-^ 

0.27S 

L               0 

o.ninqfi 

0 

59 

190 

21.32 

0.9143 

0.1186 

0.1084 

0.06781 

0.281                ] 

L               0 

0.03164 

0 

eo 

191 

22.095 

0.9768 

0.107 

0.1045 

0.06842 

0.288                ] 

L               0 

o.nm?3 

0 

61 

192 

22.87 

l.OM 

0.09646 

0.1007 

0.06877 

0.2947                ] 

L               0 

0.03079 

0 
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Table  A  VI-3.   Explanations  of  FIELD  Codes  on  Daily  Output 


Field 
Numbs: 


Variable 

Name 


Description  of  Variabl« 


1 

COHORT 

2 

DAY  YEAR 

3 

DAY  LIFE 

4 

TEMP 

5 

WEIGHT 

6 

POPSIZE 

7 

POPMASS 

8 

SP 

GROWTH 

9 

SP 

CONS 

10 

SP 

EGEST 

11 

SP 

EXCRET 

12 

SP 

RES? 

13 

SP 

SDA 

14 

CAL  DENS 

15 

%  PREY  1 

16 

%  J 

PREY  2 

17 

%  J 

PREY  3 

18 

%  PREY  4 

19 

ID 

CONS  1 

20 

ID 

CONS  2 

21 

ID 

CONS  3 

22 

ID 

CONS  4 

23 

SI 

CONS  1 

24 

SI 

CONS  2 

25 

SI 

CONS  3 

26 

SI 

CONS  4 

27 

PD 

CONS  1 

28 

PD 

CONS  2 

29 

PD 

CONS  3 

30 

PD 

CONS  4 

31 

SP 

CONS  1 

32 

SP 

CONS  2 

33 

SP 

CONS  3 

34 

SP 

CONS  4 

35 

CUM  PROD 

36 

CMCALCONS 

Cohort  number 
Day  of  year 

Age  (days)  since  first  day  of  this  run 
Temperature  (C) 
Weight  (grams) 
Population  size  (number) 
Population  mass  (grams) 
Specific  growth  rate  (g*g~^*d~-'-) 
Specific  consumotion  rate  (g*g~'^*d~^) 
■l.d-1) 


■l.d-l 


Specific  egestion  rate  (g*g 

Specific  excretion  rate  (g*g' 

Specific  respiration  rate  (g*g~^*d~^) 

Specific  SDA  rate  (g*g~^*d~^) 

Predator  Caloric  Density  (calories  *  g"-^) 

Proportion  of  prey  1  in  diet  (0-1) 

Proportion  of  prey  2  in  diet 

Proportion  of  prey  3  in  diet 

Proportion  of  prey  4  in  diet 

Individual  daily  cons .  prey  1  (grams) 

Individual  daily  cons,  prey  2 

Individual  daily  cons .  prey  3 

Individual  daily  cons,  prey  4 

Cumulative  individual  cons,  prey  1  (grams) 

Cumulative  individual  cons .  prey  2 

Cumulative  individual  cons .  prey  3 

Cumulative  individual  cons,  prey  4 

Population  daily  cons,  prey  1  (grams) 

Population  daily  cons,  prey  2 

Population  daily  cons,  prey  3 

Population  daily  cons,  prey  4 

Cumulative  population  cons,  prey  1  (grams) 

Cumulative  population  cons,  prey  2 

Cumulative  population  cons .  prey  3 

Cumulative  population  cons,  prey  4 

Cumulative  population  production  (grams) 

Cumulative  calories  consumed  per  individual 


I 


